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Description 

Field of the Invention 

The present invention relates to display devices and in particular to displays comprising at least one photolumines- 
cent layer that is characterized in a high degree of polarization in its absorption. 

Background of the Invention 

Optoelectronic display devices, such as those based on the Electrically Controlled Birefringence (ECB) effect, the 
Twisted Nematic (TN) effect and Super-Twisted Nematic (STN) effect (S. W. Depp et al.. Sci. Am., Vol. 268, p. 40 (1 993); 
T Scheffer et al., in "Liquid Crystals, Applications and Uses", Vol. 1, B. Bahadur, Ed., Chapter 10, pp. 231-274 (1990), 
Worlds Scientific, Singapore; S. Morozumi, ibid., Chapter 7, pp. 171-194), are well known in the' art and are of major 
importance in a large variety of applications. 

In these devices (cf. Fig. 1 A), typically, a liquid crystalline material is sandwiched in a cell (3) between two light- 
polarizing means (4) and the liquid crystalline material is used to electrically rotate the polarization direction of polarized 
light and, thus, the structure functions as a light valve. Polarized light is produced in these devices by a first polarizer, 
and a second polarizer (also referred to as analyzer) is used to generate visual perception of the electrical switching of 
the liquid crystalline material. 

As is well established in the prior art, a thin layer of well-ordered liquid crystalline material has the ability to change 
the state of polarization of light that passes through it. As the LC order can be controlled by means of an electrical field, 
electric switchina can modulate the notarization of th« 

• o » 'J |--~— ••■ j , w. ww« wii uviui w yv^i . i lyo. i i-k, 

B), based on spacered transparent carrier plates (3b) and provided with two transparent electrodes (3c) f is utilized 
where in between the thin layer of LC material (3a) is applied. The transparent electrode material can be, for instance, 
indium tin oxide, but may also consist of a transparent conducting polymer. In the field-off state, or at low voltages below 
a threshold value (switching state "off*), the molecular organization within the liquid crystal layer is planar and well-con- 
trolled by orientation layers (3d) applied on the electrodes and/or by the presence of small amounts of chiral dopants in 
the liquid crystal mixture. Well-known and widely used effects are: (i) Electrically Controlled Birefringence (ECB) effect 
in which the molecules are aligned unidirectionally (parallel alignment at the orientation layers, no chiral dopant); and 
(ii) twisted nematic (TN) or super-twisted nematic (STN) effects in which the molecules are rotated over, for instance, 
90° (TN) by means of a perpendicular alignment at the orientation layer. In the field-on state (switching state "on"), the 
LC molecules align themselves along the electrical field lines. In the limit, i.e. at the fully addressed state at higher volt- 
ages, the LC material is aligned perfectly perpendicular to the electrode surfaces and behaves isotropically for the light 
which passes parallel to the field lines. This means that the state of polarization of light that passes the cell remains 
unaffected. At intermediate voltages also intermediate states of orientation can be achieved in which the director, being 
the local direction of the average orientation of the LC molecules, describes a complicated pattern over the thickness 
of the cell, which can be used to create intermediate scales between the fully-off and the fully-on state. 

When these devices comprise only conventional absorbing polarizers, they change upon switching from a light grey 
to a dark appearance. Colors are generated by using, for example, additional color filters (US Patent 5,099,345) or a 
series of selective dichroic, filtering polarizers (US Patent 5,122,887). 

A common dichroic sheet polarizer usually absorbs at least 50 % of the incident light. In a typical TN display, more 
than 80 % of the incident light is absorbed by the polarizers and color filters and, consequently, the brightness of the 
displays is very limited. The poor light efficiency of these displays, generally, is compensated by rather intense back- 
lighting which limits the life-time of batteries in devices such as lap-top computers and portable telephones. Moreover, 
conventional polarizers transfer the absorbed light into heat and, consequently, exhibit excessive heating-up when used 
in combination with high-intensity light sources. These high-intensity light sources are employed in applications such as 
projection televisions, and the polarizers limit the life-time of the displays in these applications. 

The use of photoluminescent, for example fluorescent or phosphorescent, matter to overcome these problems has 
been described. For example, US Patent 3,844,637 discloses the use of fluorescent liquid crystals. Fluorescent mate- 
rial dissolved or dispersed in liquid crystals also has been suggested (US Patent 4,336,980; H. J. Coles et al., Liq. 
Cryst, Vol. 14, pp. 1039-1045 (1993)). The use of fluorescent particles as a light trap was described in US Patent 
4,405,210. US Patent 4,470,666 discloses the use of a partially transmissive fluorescent color filter. US Patent Nos 
4,113,360, 4,394,068 and 5,018,837, W. Greubel et al. (Elektronik, Vol. 6.. pp. 55-56 (1977)) and M. Bechtler et al. 
(Electronics. December 8, pp. 113-1 16 (1977)) describe the use of a plate of fluorescent synthetic material in displays 
as a light trap. US Patent 5,608,554 describes the use of a phosphor layer to enhance the luminance and viewing angle 
of standard liquid crystal display devices. Also, the use of a layer comprising fluorescent species in the three primary 
colors has been disclosed (French application FR 2 600 451 - A1; US Patent 4,678,285). German patent No DE 
2640909 C2 and G. Baur et al. (Appl. Phys. Lett., Vol. 31, pp. 4-6 (1977); W Greubel et. al., Elektronik, pp. 55-56 
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(1977)) disclose a display device that comprises an at least partially mirrored polymer plate (cf. Fig. 2, (A)) in which a 
fluorescent dye is dissolved and that further comprises a means (B) positioned behind the polymer plate (A), from the 
light-exit direction, that allows transmission of only that part of the light spectrum that is absorbed by the fluorescent 
plate (A). Furthermore, in the same patent, which is directed towards the use of a fluorescent plate as a light trap in 

5 displays, it is suggested that a plate (A) can be used in which form-anisotropic fluorescent molecules are dissolved in 
a uniform orientation within the polymer plate. The proposed display configurations suffer a number of drawbacks, most 
of which are directly related to the dimensions of the plate. First, the light collection area of the fluorescent plate must 
be substantially larger than the area of the electrooptical light valve to provide enough of the necessary radiation. These 
displays are therefore only suitable for applications where there is enough room for such a plate such as measuring 

70 instruments or digital clocks (M. Bechter et. aL, Electronics, December 8. pp. 1 13-116 (1977)). Secondly, according to 
other publications by the authors of the prior art patent (G. Baur et al., Appl. Phys. Lett., Vol. 31, pp. 4-6 (1977); W. 
Greubel et. aL, Elektronik, pp. 55-56 (1977)) the fluorescent plate needs to be thick (> 1 mm) to generate a high absorp- 
tion of environmental light. According to the authors, the dye concentration in the plate must be low to avoid "self- 
absorption" and consequently the plate thickness must be high to generate a light absorption close to 100 %. The 

75 absorption (A) of the incident light on the surface of the plate is: 

A = 1-10" £(X)cf 

where e(X) is the molar extinction coefficient of the fluorescent dye at wavelength X, c is the molar concentration of the 
fluorescent dye and t is the plate thickness. According to publications by the authors of the prior art patent (G. Baur et 
al., Appl. Phys. Lett., Vol. 31, pp. 4-6 (1977); W. Greubel et. al., Elektronik, pp. 55-56 (1977)) typical values for the 
extinction coefficient of the fluorescent dye and the dye concentration are, respectively, 10 4 L/mole cm and 10" 3 mole/L. 
Consequently, a plate with a thickness of 1 .5 mm is required to generate an absorption of 97 % of the incident light, but 
also plates thicker than 7.5 mm were fabricated and used (G. Baur et al., Appl. Phys. Lett., Vol. 31, pp. 4-6 (1977); W. 

25 Greubel et. al., Elektronik, pp. 55-56 (1977)). Hence, the large thickness of the plates increases the dimensions of the 
display devices also in the thickness direction. As a consequence, thin or, for instance, flexible displays cannot be man- 
ufactured. In addition, again according to G. Bauer et. al. (Appl. Phys. Lett., Vol. 31, pp. 4-6 (1977)) the plates act as 
waveguides for the fluorescent light and the light travels distances between 1 to 100 cm in the plate before it is coupled 
out. Consequently, the light output (brightness) is strongly reduced by the overlap of the absorption and emission spec- 

30 trum of the fluorescent dyes. To minimize other light losses, plates have to be produced from highly transparent mate- 
rials with perfect optical surfaces and perfectly reflecting layers at the narrow sides are required. 

Unfortunately, the above improvements have failed to yield display devices which can be used in a large range of 
applications in an economical and satisfactory way, and the need continues to exist for more efficient displays of high 
brightness, high contrast, a wide viewing angle, and optional multiple colors. 

35 

Summary of the Invention 

One object of the present invention to overcome the problems of the prior art displays. Is to provide a display device 
that comprises at least one thin, photoluminescent layer that is characterized in a high degree of polarization in its 
40 absorption and that is characterized by an emission which Is either polarized or not polarized. 

Another object of the present invention it to provide a display device that comprises one photoluminescent layer 
that is characterized in a high degree of polarization in its absorption, and one polarizer or analyzer. 

Yet another object of the present invention it to provide a display device that comprises a first photoluminescent 
layer that is characterized in a high degree of polarization in Its absorption, and a second photoluminescent layer that 
45 is characterized in a high degree of polarization in its absorption, and that is further characterized in that the two layers 
have different photoemission or absorption spectra or both. 

Still another object of the present invention is to provide a display device that comprises multiple photoluminescent 
layers that are characterized in a high degree of polarization in their absorption, and multiple electrooptic light valves, 
arranged in a stacked fashion, and that is further characterized in that the layers different photoemission or absorption 
so spectra or both. 

Another object of the the present invention is to provide a display device that comprises at least one thin, photolu- 
minescent layer that is characterized in a high degree of polarization in its absorption and that is characterized by an 
emission which is either polarized or not polarized and that is characterized by small dimensions in the thickness direc- 
tion and area. 

55 Other objects of the present invention will become apparent to those skilled in the art in the following detailed 
description of the invention and the appended claims. 

The present invention is based on our surprising finding that display devices comprising at least one thin photolu- 
minescent layer that is characterized in a high degree of polarization in its absorption are of a very high brightness and 



3 



5 DOC ID: <EP 0889350A1_I_> 



EP 0 889 350 A1 



15 



20 



very high contrast, have an excellent viewing angle, and can be configured to exhibit one or more colors that cover the 
entire visible portion of the spectrum of light useful for display applications. Hereinafter, the designation photolumines- 
cent and photoluminescence are abbreviated with the designation PL, and further, the term polarized PL layer refers to 
a photoluminescent layer that is characterized in a high degree of polarization in its absorption and that is characterized 
in an emission which is either polarized or not polarized. Most importantly, we found that the polarized PL layers should 
be thin and should exhibit a dichroic ratio that exceeds a minimum value in order to yield displays with the above desired 
characteristics. Hereinafter, device elements such as layer, electrooptical light valve, polarizer, light source and mirror 
are sometimes referred to in their singular form, which should not be construed as to imply that reference is made to 
only one such element. 

Herein the dichroic ratio in absorption is defined as the ratio of the highest possible absorption of linear polarized 
light to the lowest possible absorption of linear polarised light. These absorptions are measured at the same single 
wavelength somewhere within the absorption spectrum and preferentially at an absorption maximum. 

Herein, the dichroic ratio in emission is defined as the highest possible emission of linear polarized light to the low- 
est possible emission of linear polarized light. These emissions are measured at the same single wavelength using 
unpolarized excitation light at a single wavelength somewhere within the emission spectrum and preferentially at an 
emission maximum. 

Brief Description o f the Drawings 

The above objects and advantages of the present invention will become more apparent by describing in detail pre- 
ferred embodiments thereof with reference to the attached drawings in which: 

Fig. 1 A, B are schematic structures of a conventional liquid crystal display (LCD) device. 

Fig. 2 is a schematic structure of a display device according to an embodiment of German patent No DE 2640909 

25 C2. 

Fig. 3 A - G are schematic structures of possible display devices according to embodiments of the present inven- 
tion. 

Fig. 4 is a plot of normalized emission versus the product of the thickness (d) and birefringence (An) divided by the 
wavelength (X). " 

Fig. 5 is a schematic structure of a possible display device according to another embodiment of the present inven- 
tion that comprises two polarized photoluminescent layers. 

Fig. 6 is a schematic structure of a possible display device according to another embodiment of the present inven- 
tion. 

Fig. 7 A - D are schematic structures of possible display devices according to yet other embodiments of the present 
invention that comprises multiple polarized photoluminescent layers and multiple electrooptical light valves in a 
stacked configuration. 

Fig. 8 displays the polarized photoluminescence spectra recorded for light emission parallel (0°) and perpendicular 
(90°) to the drawing direction of an oriented film (draw ratio X = 80) of 2 w/w % EHO-OPPE/UHMW-PE blends that 
was exited with unpolarized light 

Fig. 9 displays a graph of the dichroic ratio measured in emission as a function of the draw ratio for films containing 
1 or2w/w%PPE. (■) EHO-OPPE of a number average molecular weight M n of 84.000 g mol" 1 - (a) O-OPPEof M 
of 10,000 gmol' 1 . n 
Fig. 10 displays a graph of the dichroic ratio measured in absorption as a function of the draw ratio for films con- 
taining 1 or 2 w/w % PPE. (A) EHO-OPPE of a number average molecular weight M n of 84,000 g mol' 1 (■) O- 
OPPEofM n of 10,000 gmol" 1 . 
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Detailed Description of the Invention 



The present invention is based on our surprising finding that display devices comprising at least one thin highly 
polarized PL layer are of a very high brightness and very high contrast, have an excellent viewing angle, and can be 
configured to exhibit one or more colors that cover the entire visible portion of the spectrum of light useful for display 
applications. Most importantly, we found that the polarized PL layers should be thin and should exhibit a dichroic ratio 
in absorption that exceeds a minimum value in order to yield displays with the above desired characteristics. 

55 The Polarized Photoluminescent Layer 

The polarized PL layers useful in the present invention are characterized in that they absorb light in a highly polar- 
ized fashion and, after photoexcitation. they emit light that can be polarized or not. Such polarized PL layers can com- 
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prise one or more different substances, and can be manufactured by a wide variety of methods. The substances to be 
selected and fabrication methods that are most appropriate for the desired application form and color or colors of the 
display device are known from the state of the art. To avoid any replication from the known prior art, all the below men- 
tioned literature references in relation to appropriate substances and methods of fabrication are herewith included in 

s and part of the present invention. 

The polarized PL layers, for example, may comprise one or more inorganic materials, such as GalnP-compounds 
(P. J. Pearah et al. Appl. Phys. Lett. Vol. 62, pp. 729-731), ZnSe (L Worschech et al., "Blue Laser Light Emitting 
Diodes", Int. Symp. pp. 421-424, Eds. A. Yoshikawa, Tokyo, Japan, 1996), or tris(bipyridine)ruthenium(2+) intercalated 
cadmiumthio-hypophosphazene (E. Lifshitz et aL, J. Phys. Chem. Solids, Vol. 52. pp. 1081-1086 (1991), or inorganic 

w oligomers or polymers, or mixtures thereof. 

Alternatively, the polarized PL layers useful in the present invention may comprise one or more organic species, 
such as small molecules, oligomers or polymers, or mixtures thereof or of organic and inorganic materials. Represent- 
ative examples of small organic species and oligomers useful in the present invention can be found in, for example, 
"Organic Luminescent Materials" by B. M. Krasovitskit et al. (VCH Verlag., Weinheim, 1988). 

75 Oligomers and polymers that are useful in the present invention include, but are not limited to those molecules that 
comprise one or more of the following moieties: 
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where Ar is an arylene group including, but not limited to the following moieties: 
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20 Methods of Preparation of the Polarized Photoluminescent Layer 

Polariyorl PI lauorc rr\r i irA ;« +U « x : j • _ . 

Another beneficial method for the fabrication of the polarized PL lavers for h<;a in th* *- 

, 6t 3 - P0lymer • Vd 33, Pp 2340 " 234 8 (1992); P. DyreWev et aL. Adv Mater Vo Tdd 43 44 
i ^ «? - APPL ^ Utt ' V0L 68 pp 3007 - 3009 (1996), or a ductile UenJof X^ne^oT 

S^SSSS™ po,ymers (US Patent 5 ' 204038: J - Moufton et al - J - Po,ym ^ J^STS/S. 

n~^!Si Ve - ly ; po,a : i2ed PL 1 W useful in *e present invention can be fabricated by oriented growth of ohotolumi- 

2 of 9^3 ' ' a i 6r - V0K 9 ' W - 331 " 334 (1997 »- Po^rtdes (G. Lussem et al.. Liq Crysl vS' 

21, pp. 903-907 (1996) or .norgamc surfaces (P. J. Pearah et al.. Appl. Phys. Lett. Vol. 62 pp 729-731 ( lagan ' 

2 63-26^Sr^of h ^T " Ph0to,uminescent -tenais (N. TanigaK et a,.. & Solid SIS ^273. pp. 
2L w . o } 9 P hoto,um,nes cent materials, or the Langmuir-Blodgett technique (V CimroU et al Adv 

Mater.. Vol. 8, pp. 146-149 (1996); A. Bolognesi et al. Adv Mater Vol 9 dd 12 1 JaTfionm , u T.T ™ 
Appl. Phys. Lett.. Vol. 67. pp. 3381 (1995)) "may also be J££5 £ £ ^Scato I the PL Tetfo?ut 

JieldsTS, enti0n ^ 95 photo - in ^ alignment alignment "fcSSE S5S?S 

fields of photoluminescent substances that yield highly polarized PL layers may also be employed. 
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Characteristics of the Polarized Photoluminescent Layer 



ac ,nr^n*?Z photo,u ^ nescent Po^r P'ates of the prior art which, of need, are thick, the polarized PL layers 
according to the present invention are thin, and have a thickness of less than about 1 mm preferably Shan IZl 

fnc toTh. ^ Prefe ; ab ' y * ,eSS than abOUt 50 ^ M ° St preferab, » th * JS££^ 

The dichroic ratio in absorption as defined above of the thin nolarfreri Pf law^re w . t ^ -~ *u _* ■ 

tured^^rnS PL h ySrS ^ ' n thS Pr6Sent inVenti0n may be h °™9eneous and continuous, and ma^be stru^ 
eveftha^ 

rtarizrt Pi huorc^l «! PO ' an2ed PL elements ^ of above minimum °ichroic ratio. Stacks of such 

polanzed PL layerc. for example for use ,n multiple color displays, are also included in the present invent^ 
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Device Structures 

in the display devices according to the present invention, both light from the light source employed for photoexcita- 
tion of the polarized PL layer, and light emitted from the exited polarized PL layer may be switched. Some of the relevant 

5 basic principles of the display devices according to the present invention and preferred embodiments, many of which 
may include either one of these switching modes, are presented hereafter. 

First presented are embodiments of display devices in which the light emitted from the polarized PL layer is 
switched. In this case, the predominantly relevant polarization characteristic of the polarized PL layer is a high degree 
of polarized emission. In Fig. 3 A, an exploded schematic view of a possible device configuration is given. The arrange- 

io ment, when viewed from the position of the viewer (5) consists of a linear polarizer (analyzer) (4), an electroopticai light 
valve (3), the polarized PL layer (2) and a light source (1). Ught emerging from the light-source (1) is at least partially 
absorbed in the polarized PL layer (2), from where subsequently polarized light Is emitted. The portion of the light emit- 
ted from the polarized PL layer (2) in the direction of the electroopticai light valve (3) either passes the combination of 
light valve (3) and the polarizer (4) (switching state "bright") or is blocked by the combination of light valve (3) and the 

75 polarizer (4) (switching state "dark"). It should be noted, that the switching states "bright" and "dark" not necessarily 
coincide with above referred electric switching states "on" and "off', respectively, and the correlation also depends on 
the precise device configuration. The polarizer (4) is oriented such that it allows transmission of the light emitted by the 
polarized PL layer (2) in its polarization direction when the switching state of the light valve (3) is "bright". According to 
the present invention, maximum contrast is obtained when (i) the polarized PL layer (2) is characterized by a high dich- 
j roic ratio for PL emission, and (ii) the portion of light visible to the human eye that is emitted by the light source (1), but 
not absorbed by the polarized PL layer (2), and thus exits the device in the direction of the viewer, is minimal, This can 
be achieved by different means. One example comprises a light source (1) which is characterized by an emission spec- 
trum such that all the light emitted by the light source is absorbed by either the polarized PL layer (2), the light valve (3) 
or the polarizer (4). The use of a UV-light source can be particular advantageous in this context, since the portion of 

25 light that is emitted by the light source (1), but not absorbed by the polarized PL layer (2), is in this case usually 
absorbed by components (2). (3), or (4). 

An alternative example of a possible display device according to the present invention is shown in Fig. 3 B in an 
exploded schematic view. Here, an additional means (8) (for clarity called "cut-off-f ilter"), which blocks the light that is 
emitted by the light source (1), but is not absorbed by the polarized PL layer (2), is positioned in the device between the 

30 polarized PL layer (2) and the viewer (5), preferably between the PL layer (2) and the light valve (3). This cut-off-filter 
(8) preferably is a wavelength-selective mirror which reflects the light generated by the lamp that was not absorbed by 
the polarized PL layer, but transmits the light emitted by the polarized PL layer or can, for example, be a high-pass filter 
or a polarizer or a combination thereof. Another preferred arrangement is the use of a combination layer of the polarized 
PL layer (2) and the cut-off-filter (8), for example, by doping or coating the polarized PL layer (2) with an additional dye. 

35 The display device can also be arranged, such that the polarized PL layer (2) is placed inside the electroopticai light 
valve (3), such as shown in an exploded schematic view in Fig. 3 C. In order to keep the switching voltages low, the 
polarized PL layer (2) is positioned between the transparent electrode (3c) and carrier plate (3b). Particular advantages 
of this arrangement are a more compact device and an enhanced viewing angle, as well as the absence of parallax in 
a pixellated structure. In addition, the polarized PL layer (2) according to the present invention, may function also as ori- 

40 entation layer (3d in Fig. 3 C) for the liquid crystalline material. 

To define the operation of the devices that can be built based on this configuration, a definition is given of the sev- 
eral axes that will be used: 

The polar axis of the polarizer is the direction of the electrical field vector of the light that is transmitted by the polar- 
izer films. The polarized PL layer axis is the direction of the electrical field vector of the light emitted by the polarized PL 
45 layer and which commonly, but not necessarily, is parallel to the direction of the electrical field vector of the excitation 
light that is absorbed . When these layers are placed in series with their axes crossed, the polarizer film will absorb the 
light generated by the polarized PL layer. In contrast, when placed parallel, the polarizer film transmits the light gener- 
ated in the polarized PL layer. 

For the above given configuration (except display devices comprising the polarized PL layer (2) inside the elec- 
50 trooptical light valve (3) as shown in Fig. 3 C, arranged such that light emerging from the light source first passes the 
liquid crystal layer (3a) before exciting the polarized PL layer (2)). the liquid crystal cell is optimized to switch light of the 
wavelength of the light that is emitted by the polarized PL layer. The transmission is controlled by the axes of the polar- 
. ized PL layer and the polarizer film, the switching state of the device field-off or -on state, the wavelength of the emitted 
light, the cell thickness and the optical properties of the LC material. For some LC effects the set of parameters are 
55 given below: 

ECB effect: When the polar axis of the polarizer and the polarized PL layer axis are crossed and the liquid crystal 
orientation is at 45° with these axes, the maximum transmission ("bright" state) in the field-off state depends on the 
thickness of the cell d, the birefringence of the liquid crystal An and the wavelength A and occurs at 
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dAn k 

-r- = 5 with k = 1 , 3, 5, 7, 



In that case, the polarized light transmitted by the LC layer remains linearly polarized but the polarization axes is 
rotated over 90°. In a preferred cel. configuration * is 1 , which, optimized for a wa^length of 5 O nm (S 

SSSiSStS? , L m i,i,e ML1 ° 01 (MSrCk Ltd ° ^ 8 An = 0122 3t the Same WaV ^ th ' me^Ste^iZ; 

Dolar^d" ^ e !fl riCal 'If iS f P ' ied ' * h6 I ffeCtiVe A " becomes smal,er and «» transmrtted light becomes elliptically 
polarized The polarizer f.lm w.ll now absorb part of the light, an effect that may be applied to generate intermediate 

0 and ,h. r ^ U,,y , a ? dreSSed St3te - Wh6re a " LC m ° ,eCUleS ^ 3li 9 ned 3l0n 9 «» ele ^ aI WdKS£i£E2£ 
0 and the light is fully extinguished by the polarizer ("dark" state) 

hJ," a " ot ; e j 4 confi 9 uration . ^ axes of the polarizer and the polarized PL layer are chosen to be parallel by which a 
dark hew-off state and a bright and colored field-on state is obtained. In again another configuration the LC modules 
have a negative d-electric anisotropy and are aligned perpendicular to the electrode surface by a sun^cW^Tf 

s *ZZnZ ^ 9 '"J." 6 51316 thC LC fi ' m h3S 3 ,OW «*-*"S"« for the passing light and a dark 

state ^formed -n case of crossed axes of the polarized PL layer and the polarizer film, respectively When the field is 

SdmayeV^ J^T*™* *" ^ ^^"LZZ^^- 

20 , TN Jo e 1 : ,hS CaSe th3t 3 mu,tiK:o,or dis P' a y j s made, containing pixel elements with basically three different 
polarized PL layers emitting blue, green and red light (see below), the TN effect is preferred because of L hSh contrast 

and its motive wav/donnth ir^ri^^r4 ~ tu: . . ° " ii& niyn uumrasi 

... . ~ * — — »• «."o c.aw.cc eneuuve swmcning or tne tnree colors with one uniform rpll 

ttjickness^ The relative intensity (/,) of the light transmitted by the TN with the axes of the polarized ?Uaye rZ Z 

25 " ° rientati ° n ^ b ° Undary ° f ^ LC fHm Para " 61 Wfth the «f ° f the P**3 1 £!£ 
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55 



S me R A gt ^ WhiCh A " 18 WaVe,en9th dePend6nt b6CaUSe ° f the refractive index 

ano P referred embodiment the unaddressed state the parameters of the TN cell are chosen such that on the aver- 
age for the wavelengths of interest dAn/^ are close to the first minimum, i.e. dAn,x = 1/2V3. InthisTNiSigura- 
T T 3 WaVe,en9th ° f 510 nm (9reen) 3nd 3 comm ercial LC materia. Licri.ite ML1001 (MerS l5 J2j a 

tt 7 J « tt,e , Same wavelen 9 th - tne °P timum thickness is 3.6 urn. This means that the cell is perfect black in" 

Sr2.tS»*; 5 r T li9ht ^J"* rt has a normali2ed emission of 0 08 tor 440 nm w«)^5S2!ffS 

620 nm hgh t (red) Both values are sufficiently low to give the display a black appearance for all three colors 

th , °!1 ™ d,Splay 1,16 3X68 01 1,16 Polarized PL layer and the polarizer film can be chosen perpendicular In that 

the nverted curve m F,g. 4 is obtained with a "bright" state, i.e. an emissive colored state for «J . piS element and a 

^TZZS^T 6 * Perf ° rmanCe 01 3 C0 ' ,eCti0n - nei ^"9 P--s in the mm state ZalZ ! appet 

mirror? '21^^?*''? • structures, including the examples given in Fig. 3 A, 3 B and 3 C the use of a dichroic 
2 ?1Z u ' S P° srtloned between »» P° lari2 ed PL layer (2) and the light source (1). is advantageous (Fig 3 D for 
an eroded schematic view). This dichroic mirror (6) is characterized in that it lets the light emitted by Z S source 
(1) pass and reach the polanzed PL layer (2). but reflects the portion of light which initially is emitt ed by the poS 

y % 2 lL" 3 d ' reCb0n 3Way fr ° m the ViGW6r (5) and thus redirects this P°'«°" <* "Shi in the dirTctio . toSSS 
viewer (5). The polanzed PL layer (2) might, in addition, be mirrored (7) in order to prevent the exit of S t in^SS 

7C be provided "T ,ight emergent or 6X11 windows such as d « cribed * q™ES£ST£ 

fe^*^ 

, a ,Sf er f amp,e for a Purred device structure is given in an exploded schematic view Fig. 3 E. Here the polar- 
i?L ^ yer T?°!?, 383 P° ,arizin 9 Photoluminescence waveguide (10). in which the light emitted by the light source 
(1 1 ■ waveguided until it is absorbed and re-emitted by the photoluminescent moieties. The device is preferaUv fttS 
with a dichroic mirror (6) as outlined above, and with mirrors (7) and light emergent or exit windows as £E2*S? 
Alternatively a conventional waveguide-based backlight system is used (cf. Fig 3 F) in which the polarized PL layer 
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(2) is arranged such that it is behind the waveguide (11) when viewed from the direction of the viewer (5). Preferably, 
the waveguide (1 1 ) is characterized in that it emits the light guided from the light source (1 ) preferably into the direction 
of the polarized PL layer (2), and that it allows the transmittance of the polarized light emitted from the polarized PL layer 

(2) . The polarized PL layer (2) in the display device according to Fig. 3 F may additionally function as a polarized scat- 
5 terer or diffuser. 

Yet another example of a preferred device structure is given in an exploded schematic view Figure 3 G. Here, ambi- 
ent light (1) is used for illumination, entering the device in a direction from the viewer to the device, with the polarized 
PL layer (2) being void of mirrors on its two large faces (oriented towards the viewer and away from the viewer), but pref- 
erably mirrored (7) at ail other sides. Behind the polarized PL layer (2) (viewed from the direction of the viewer), prefer- 

io ably a dichroic mirror (6) is used, which only reflects the polarized light emitted by the the polarized PL layer (2). The 
ambient light which is not absorbed by the polarized PL layer (2), is absorbed in a nonreflective layer (9). 

Still another preferred arrangement according to the present invention is the use of two polarized PL layers (2, 1 2), 
for example shown in an exploded schematic view Fig. 5. In this particular embodiment the two polarized PL layers (2, 
12) are characterized in that they have different emission spectra. These two polarized PL layers (2, 12) may be 

75 arranged behind each other, when viewed from the direction of the viewer (5), positioned in the same place as the one 
polarized PL layer (2) in the above described arrangements. These two polarized PL layers (2, 12) may be oriented 
such that their polarization directions for emission are perpendicular to each other. Thus, the combination of light valve 

(3) and the polarizer (4) no longer switches from bright to dark but lets the emitted polarized light from polarized PL layer 
(2) pass in the one switching state and the emitted polarized light from polarized PL layer (1 2) pass in the other switch- 

j ing state, enabling the production of a multicolor display device. Alternatively, the two polarized PL layers (2, 12) may 
be oriented such that their polarization directions for emission are at an angle different from 90° to each other The latter 
arrangement enables switching between different multiple colors. In related embodiments, the two polarized PL layers 
may be separated by the electrooptical light valve, or may be placed inside the electrooptical light valve (cf. Fig. 3 C). 
Next presented is an embodiment of a display device in which light from the light source employed for excitation of 

25 the polarized PL layer is switched. In this case, the predominantly relevant polarization characteristic of the polarized 
PL layer is a high degree of polarized absorption. In this embodiment, the emission of unpolarized light from the polar- 
ized PL layer can be beneficial. In Fig. 6 an exploded schematic view of a possible device structure is shown. Here, the 
display device is arranged, such that the polarized PL layer is positioned between the electrooptical light valve (3) and 
the viewer. Of course, In this case the polarizer (4) must be active in the wavelength region of the excitation wavelength. 

30 The particular advantage of switching this wavelength is that the LC cell can be optimized for a single wavelength 
regime (i.e. the excitation wavelength, for example UV) which leads to higher contrast values. Another particularly 
important advantage is that, in this case, the viewing angle is determined by the emission of the polarized PL layer and 
has become independent of the viewing angle-sensitive LC effects. 

In a typical device, for example. 365 nm light is used for the excitation of the polarized PL layer (2). When use is 

35 made of the TN effect to switch the 365 nm light and a commercial UV stable LC material Ucrilite ML1 001 (Merck Ltd.) 
with a An = 0.149 at the same wavelength, the optimum cell thickness is 2.1 \ivn. 

As in this set-up the polarized PL layer only absorbs light with its E-f ield parallel to the axis, the opposite polariza- 
tion is transmitted. In order to avoid that this light reaches the viewer's eye, the previously described cut-off filter (8) may 
be used, in a preferred embodiment two of such layers are present where the order is, coming from the backlight into 

40 the viewer's direction, a wavelength-selective mirror and a high-pass filter, respectively. In another preferred embodi- 
ment the high-pass filter also contains other absorbing species which have a low absorption at the emission wavelength 
or wavelengths, but absorb visible light outside that wavelength region, thus even more improving the contrast by 
absorption of the light coming from the surroundings. 

In order to make a multi-colored image, an array of at least three different polarized photoluminescence pixel ele- 

45 ments (for example red, green and blue: R, G, B) may be applied at or within the LC cell. The LC material within each 
pixel element can be addressed separately by an active or a passive electrode matrix. In a preferred embodiment, the 
polarized PL pixel elements are applied within the cell, for instance in between the transparent carrier plate and the 
transparent electrode. In another preferred embodiment the polarized PL pixel elements are applied outside the cell. In 
that case, it is preferred to apply the polarized PL layer at the viewer's side of the cell and to use collimated light in order 

so to avoid parallax caused by the relatively large distance between the emitting polarized PL layer and the electrooptic 
light valve. In another preferred embodiment the polarized PL pixels are applied in the cell near the LC film to avoid par- 
allax and at the side of the viewer in order to improve the display on its viewing angle characteristics. Emission of white 
light from the display device is obtained by a balanced emission of the R, G and B pixel elements. Colors are generated 
by balanced mixing of the light emission of the various pixel elements. In this case, preferably UV light of. for instance, 

55 365 nm is used to excite the polarized PL layers. When the photoluminescence efficiencies differ for the different colors, 
the appropriate white point can be obtained by adjusting the thickness of the polarized PL pixels, the concentration of 
the active photoluminescent moieties or the surface areas of the pixel elements. 

In another pixillated display configuration three different pixel elements are made, two of them are provided with a 
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I!?h o T 6 , 6 " & , 9 P ° ariZ6d PL layer> res P ective| y that af e exited by blue light. The third pixel element is provided 
with a neutra polanzing filter. In this case blue light is used from a backlight source. R and G are obtained from the 

=mh^ e Ur t ay tl S " f T , the tNrd Pixe ' e ' ement by SwitchinQ * to the " bri 9 nt " or t0 the "dark" state. In a preferred 
embcdiment he Wue pixel elements are not covered separately by the polarizer, but a polarizer film is used which cov- 

5 the S f™™! £ ? P °'f If 6r iS Para " el 10 ^ 0f the polari2ed PL 'W ln *e *«* embodiment of 
SEJS^ISS; 8 pr °? UC, ' 0n ° the Pattemed piXSl e ' ementS ' ° ne '^graphic or printing step is avoided. On 
addition the contrast of the display dev.ce is further enhanced because the top polarizer absorbs that part of the light 
that otherwise would be reflected from the viewer's side. 

io inn IZTl t0 ^ P L° b '! m ° f CrOSS ta ' k b6tWeen the different co,ored P° ,arized PL P jxel dements, small absorb- 
n? c ?l TlS! ^ Ced b6tWeen th6m - 11 is Common practice in *» art in conventional liquid crystal displays 
! ^ «1 V evaporat,on or sparing of. for example, a chromium pattern. This technique also is useful for 
ti^StT the Present invention. Another advantage of embodiments of the present invention in which light from 
the hght source, preferably ,n the UV range, employed for excitation of the polarized PL layer is switched is that the 

rs 22 Tof X C ° n ! 01 ° rganiC materia ' com P risin 9 a uv absorbing dye. This absorbing matrix can be applied 
is using, for example, simple printing or lithographic techniques. 

One pixel element is able to generate multiple color if several polarized PL layers are combined as already shown 
above In another preferred embodiment according to the present invention, two polarized PL layers are placed on top 
SrSJSi'SJ 3 StaCk6d *? hi °- ** 3X65 P er P endicular as shown in an exploded schematic view for a blue 

20 SK S? ^ P °' an f 6d / PL layer in R 9" 7 A - ^e aiTOWS in ^is Fig. 7 indicate the direction of the axes. 

20 The TN-type electrooptical light valve (3.1) controls the direction of the polarization of the excitation light In the two 

7 ^of f 65 ' 1,16 b ' Ue PO,ariZed PL ' ayer (2a) is excited and emits blue H9ht (switching state "off"), or 
. . ■ . 1 ' v — / emu etmito leu iigm. at inrermeaiate voitaqes the linearlv 

polarized .ncident light is converted into elliptical polarized light, exciting both polarized PL layers (2a and 2b) of which 
the mixed color of the combined emission can be tuned by the voltage over the TN-type electrooptical light valve (3.1) 

e «J^ f 9 ST- 3X85 ° f * he P °' ari2ed PL ' ayerS 0ther than 90 ° are P^We in order to create special 
effects or to combme. for instance, three different polarized PL layers. In that case the optical retardation of the polar- 
ized PL layer itself should also be accounted for. which might change the state of polarization of transmitted light 
it mJTh^™^ manufacturing technologies for the polarized PL layers, e.g. epitaxial growth at oriented surfaces. 

te^SH nlT I T^f t0 tT 9B the SteCk ° f PO ' arized PL ,ayers their »«* Parallel rather than perpendicula 
7 S TZ : P ref e r red embodiment according to the present invention is shown in an exploded schematic view in 
21 arrangement a combination of a dichroic mirror (14) which is reflective, for example, in the UV range and 

transmissive in the visible regime, and a quarter wave optical retardation film (13) can be utilized to address both colors 
separately. In the switching state "on", UV light -in this example- from the light source (1) and polarized ^aUV polar- 

' Ze £ L 6 ' a ^ ar ' Z !1 3Ctive in the UV regime (4a)> ^^e 3 the red polarized photoluminescence layer (2a) while in the 
swrtching state "or this polarized UV light is transmitted by the red polarized PL layer (2a) and also by *Tblue one 

Tl^ZT* f iChr ° iC mirT ° r (14) *• P° ,ariza «°r> * the UV light is rotated and becomes 
absorbed and converted by the blue polarized P L layer (2b). 

Another example of a preferred embodiment according to the present invention that allows display of mixed colors 

If 65 £2 W jS Sh<Wn in a " eXpl0ded SCh6matiC in R 9- 7 C - ,n ^s arrangement, different 
SST , ^ ( f ' C) addressed b * ^P^e. for example. TN-type electrooptical light valves (3.1 . 3.2). This 
confutation allows tor a number of different possibilities, of which in the following two examples are given, i) The ftS 

S3 ^f^n USe ,? 3 UV li9ht B0Un " (1) and alS ° USe ' as discussed for various examples before «l 

cut-off filter (not shown in the figure) between the green polarized PL layer (2c) and the viewer (5) that prevents the exit 
of UV excitation hght in the direction of the viewer. Possible switching states and colors as observed by the viewer^ 



30 



35 



40 



Situation # 


Electrooptical light valve 
(3.1) 


Electrooptical light valve 
(3.2) 


Observation by viewer 
(5) 


1 


Field on 


Field off 


Red emission 


2 


Field off 


Field on 


Green emission 


3 


Field off 


Field off 


No emission (dark) 



taJ? £T V wif " anae !" e " t does not include a cut-off-filter, and a blue light source (1) is combined with polarized PL 
layers (2b. 2c) that are characterized in that they can be excited by the blue light emitted by the light source (1). possible 
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switching states and colors as observed by the viewer (5) are then: 



Situation # 


Electrooptical light valve 
(3.1) 


Electrooptical light valve 
(3.2) 


Observation by viewer 
(5) 


1 


Field on 


Field off 


Red emission 


2 


Field off 


Field on 


Green emission 


3 


Field off 


Field off 


Blue emission 



The benefit of the above embodiment of the present invention is that all three principal colors are generated with one 
pixel element, which leads to a display with an improved brightness because the whole pixillated surface can be used 
T5 to create a colored image. Intermediate tones and dark can be created in this configuration by a third TN electrooptical 
light valve and an additional polarizer (not shown in the figure), both positioned between the polarizer (4) and the light 
source (1), which modulates the intensity of the blue light. 

In yet another embodiment the double cell configuration is combined with a stack of polarized PL layers (2a, 2b, 2c) 
with crossed axes as shown in Fig. 7 D. Possible switching states and colors as observed by the viewer (5), when, for 
> example a UV light source (1) is used, are then: 



Situation # 


Electrooptical light valve 
(3.1) 


Electrooptical light valve 
(3.2) 


Observation by viewer 
(5) 


1 


Held on 


Field off 


Red emission 


2 


Field off 


Field on 


Green emission 


3 


Field off 


Field off 


Blue emission 



As above, intermediate tones and dark can be created in this configuration by a third TN electrooptical light valve and 
an additional polarizer (not shown in the figure), both positioned between the polarizer (4) and the light source (1). 
Another electrooptical light valve concept, making use of the benefits of the polarized PL layers, is based on the so- 

35 called guest-host (GH) liquid crystal system. The use of a dichroic dye, added to the switching liquid crystal material, 
avoids the use of an additional polarizer or analyzer film. In a preferred embodiment a dichroic dye absorbing in the 
wavelength region of the excitation wavelength is mixed with an ECB liquid crystal. The long axis of the dichroic dye 
organizes parallel to the liquid crystal molecules. The director axis of the liquid crystal is chosen to be parallel to the 
optical axis of the polarized PL layer. In the field-off state, one polarization direction of the excitation light becomes pref- 

40 erably absorbed by the dye and the polarized PL layer is not excited. In the field-on state, the LC film is completely trans- 
parent for the excitation light and the polarized PL layer emits light. In this embodiment only one polarization direction 
of the excitation light is used. Again, improvement of the light yield or brightness is obtained by adding a selective mirror 
which reflects in the wavelength region of the excitation light and transmits the emitted light. 

Also in the case of a guest-host electrooptical light valve, double cell arrangements can be beneficially used. 

45 Hereto the excitation light with the polarization that is transmitted by the first guest-host cell/polarized PL layer combi- 
nation, is switched by a second guest-host cell with its orientation axis perpendicular to that of the first one. On the top 
of the second guest-host cell, a polarized PL layer is positioned which emits light with a different wavelength than that 
of the first polarized PL layer. In this way, two colors can be generated with one pixel element thus improving the bright- 
ness and the color saturation of the display. 

so In another embodiment the guest-host cells are placed on top of each other with their axes perpendicular. On top 

of these cells, the stack of polarized PL layers is positioned, also with their axes crossed. Each GH cell addresses one 
polarized PL layer of which the intermediate tone is controlled by the applied voltage over the cell. Bringing the GH cells 
in contact which each other has advantages with respect to cell manufacturing, electrical contacts and device thickness. 
In yet another embodiment, a guest-host and a TN electrooptical light valve are combined. Here, the light that is 

55 transmitted by a first GH-electrooptical light valve/polarized PL layer combination is automatically polarized. This polar- 
ization can be utilized to switch the second polarized PL layer with a TN effect. 

Embodiments of preferred display devices that comprise other electrooptical light valves, such as those based on, 
for example, super-twisted nematics, in-plane nematic and ferroelectrics, or combinations thereof, are also included in 
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70 



the present invention. 

tio J!.' S envisag f d that the dis P ,a y device s according to the present invention may optionally include one or more adrii 
tonal layers or elements including, but not limited to diffusers. color filters, scatters anSp^Zw™ 



r5 Example A. 



20 



Preparation of photoluminescent polymers. 

Polymers designated, respectively, O-OPPE, substituted with only linear alkyloxy side chains and PHO oppp 
den = Wlth | inea r and sterically hindered alkyloxy groups in an aLnatfng XZntl 



P5 
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w^r^f t^ PCrfy | Ph T yle , neethyny,ene)S (PPES) were ^^ed according to the procedures described in Ch 
Weder etal Macromolecules, (1996) Vol. 29. p. 5157, and D. Steiger et al.. Makromol Chem Phi SScSm!, t 

^84™^.^ ^ 3 weight. M n . o, 10.000 i^aKfiSSES S 

In addition, the polymer designated poly(1-methoxy-4-ethylhexyloxy-2.5-phenyi e nevinylene) (MEH-PPV1 wn th« 

Preparation of polarized photoluminescent layers. 

Thin blend photoluminescent layers with contents of 1 and 2 % w/w of PPF woro k 
the different PPEs (5 or 1 0 mg) and ultra-high molecular weight f^^nZ^ pT^^Z^^ 
AG) (0.5 g) in xylene (50 g) (disso.ution at 1 30 °C after degassing *e STeln «cul « "^SS^? v , ^ 
dish of 11 lemindiameter. ™eresuWnggeMaye re were did 

layers had a homogeneous thickness of about 70 urn. The layers were drawn at teniperatures on M 120 
^caHy controlled hot shoe to a series of different draw-ratios (X= final leng^Stngth) t^at rlnoed fnl S t 
80 Draw rat.os were calculated from the displacement of distance marks printed on the fKS^^S^Ji] J° 
ented layers had a thickness in the range from about 1 to about 10 P ^' The °"" 
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In addition, thin blend layers with a content of 1% w/w of MEH-PPV were prepared by casting a solution of the 
MEH-PPV and ultra-high molecular weight polyethylene (UHMW PE, Hostalen Gur 412, Hoechst AG) in the identical 
manner as described above. 

£ Preparation of thick photoluminescent plates . 

For reference purposes, also thick photoluminescent plates with a content of 1 % w/w of PPE were produced by 
first casting a solution of EHO-OPPE (20 mg) and high molecular weight polyethylene (HMW-PE, Hostalen GR 7255, 
Hoechst AG, M w of -400,000 g mo!" 1 ) (2 g) in xylene (200 g) (dissolution at 135 °C after degassing the mixture in vac- 
w uum at 25°C for 15 min.) into a petri-dish of 1 1 cm in diameter. The resulting gels were dried for 70 h at ambient Sub- 
sequently, the obtained blend was collected, placed between two aluminium plates, fitted with l mm spacers, and melt- 
pressed in a hot press for 5 min at temperatures of 140 - 150 °C under a pressure of 3-5 metric tons to yield plates of 
a thickness of approximately 1 mm. One plate was drawn at a temperature of 120 °C in an Instron tensile-tester 
equipped with a thermostatic chamber, to yield an oriented plate of a draw-ratio of 3.6 and a thickness of 1 .5 mm. 

75 

Characterization of polarized photoluminescent layers and plates. 

The anisotropic photophysical behavior of these oriented layers and plates was analyzed with polarized photolumi- 
nescence (PL) and polarized UVA/is absorption spectroscopy. For the photophysical analysis, the polymer layers and 
plates were sandwiched between two quartz slides; silicon oil fluid was applied in order to minimize light scattering at 
the layer and plate surfaces. The dichroic ratios were measured as defined above. 

PL spectra were recorded on a SFEX Fluorolog 2 (Model F212 1), using unpolarized light (350 nm) for excitation 
and a Glan-Thomson polarizer on the detector side. 

UVA/is absorption spectra were recorded on a Perkin Elmer Lambda 900 instrument, fitted with motor driven Glan- 
25 Thomson polarizers. Scattering effects were compensated in the absorption measurements by subtracting the spectra 
of pure UHMW PE films of comparable draw ratio and thickness. 

Highly-polarized absorption and emission were observed for the oriented layers, as visualized for emission in Fig- 
ure 8 for a layer containing 2 % w/w of EHO-PPE with a draw ratio of 80. The polarized emission spectra of this partic- 
ular layer show that this layer is characterized by a dichroic ratio, measured in emission, of 72. The dichroic ratio of this 
30 particular layer, measured in absorption, was 16. The influence of the draw ratio, the structure of the side chains, and 
the composition of the blends on the dichroic ratio measured in emission and absorption for PPEs are summarized in 
Figures 9 and 10. 

The 80 times drawn layer containing 1 % MEH-PPV displayed a dichroic ratio, measured in emission, of 62. 
By contrast, the oriented plate of a draw ratio of 3.6 and a thickness of 1 .5 mm was characterized by a dichroic ratio, 
35 measured both in emission and absorption, of only about 2. 

Example B (Outside of the Invention) 

A display device was constructed according to the schematic of Fig. 3 A. A UV lamp (Bioblock, VL-4LC, 4 Watts), 
«o operated at 365 nm, was employed as a light source. Instead of the polarized PL layer (2), an unoriented, thick polymer 
blend plate of 1 mm thickness of HMW PE containing 1 % w/w of EHO-OPPE (prepared according to Example A) was 
placed in between the UV source and a commercial liquid crystal display, consisting of a patterned electrooptical light 
valve (3) and one absorbing polarizer (2), arranged as shown in Fig 3 A. Selected patterns of the display device (seg- 
ments) were switched between the n on M and the "off" state, but the switching did not change the appearance of the 
45 device. Due to the isotropic emission from the unoriented plate, the entire area was illuminated by the light source, and 
the device in both switching states showed a dim, continuous, homogeneous yellow-green light. 

This comparative example shows that employing a thick, unoriented plate of photoluminescent material, character- 
ized by a dichroic ratio of unity in absorption and emission, in a device configuration according to Fig. 3 A, does not yield 
a display device, that can be switched between two different optical states ("bright" and "dark"). 

so 

Example C (Outside of the Invention) 

Example B (Outside of the Invention) was repeated, but instead of an unoriented, polymer blend plate of 1 mm 
thickness of HMW PE containing 1 % w/w of EHO-OPPE, a 70 um thin, unoriented layer of UHMW PE containing 1 % 
55 w/w of EHO-OPPE (prepared according to Example A) was used in the device. Selected patterns of the display device 
(segments) were switched between the "on" and the "off" state, but the switching did not change the appearance of the 
device. Due to the isotropic emission from the unoriented layer, the entire area was illuminated by the light source, and 
the device in both switching states showed a continuous, homogeneous yellow-green light. 
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izedlv a SSSE2lS!^ ^ emPl ° yin9 3 thia Un0rient6d ,ayer of Photoluminescent material, character- 
Z £ 22 ™ C ° ° f U " rty a ?°** on and emission - in a device configuration according to Fig. 3 A. does not yield 
a display dev.ce, that can be swrtched between two different optical states ("bright" and "dark"). 

Example D (Outside of the Invention) 

t h ^ EXamP ! e ^5.?^| ide ° f the lnvention ) was repeated, but instead of an unoriented. polymer blend plate of 1 mm 

2£3£ 3 6 and a dS™? I % ^ °^ HO - OPPE - a 15 mm «* -tart- Plate 5 the same comptitfon of a 
d aw-ratio of 3.6 and a d.chroic ratio, measured .n emission and absorption, of about 2 (prepared according to Examole 

Th~ \T C *- S f^tT nernS ° f thS disp ' ay d6ViCe (Se 9 ments > wsre sw *^ b^SnThe 
off" state. The sw,tch.ng. .ndeed. led to a change in brightness, but however, the contrast between the "on" and the W 

T ■ a t S ^ Ce ' Ved by hUman eye ' W3S extreme,y ,ow ° ne reason for «» P^r contrast of Sdevici"s the tetf that 
the arched segments in their "off" state still exhibit a significant yellow-green emission 

tion ^d% C Sn a H Ve eXa 7 ,e ,f ° ws * hat employing a thick photo.uminescent plate with a moderate polarized absorp- 
tion and em.ssion does not y«eld s.gnrf.cantly improved characteristics of a liquid crystal display. 

Example E (Outside of the Invention) 

Example B (Outside of the Invention) was repeated, but instead of an unoriented. polymer blend plate of 1 mm 
thickness of HMW PE containing 1 % w/w of EHO-OPPE. an oriented, about 30 ^ thin po.ymer ^blen^ayfof UH Z 
PE corrtainrng 1 % w/w of O-OPPE of a draw ratio of about 5 and a dichroic ratio measured in absorpiion of lout 3 8 

(oreoared accordino to the moth/^e h*™^ <= . aosorpuon, or aoout 3.8 

... . . ~ ' — '" *-«"'v , ««7. "as useo in tne aevice. Selected Datterns of the disnlav 

nass, but hoaraya.. the contrast b^san tha W atw me W stats, as pan^yad by tlt. human aya wasaSamd, to, 

01 ,hls 15 » e tea tol - — — S- - 

Example 1 

VL 'fwolf ^L 00 ?^^ accordin 9 to the schematic of Fig. 3 A. For convenience, a UV lamp (Bioblock 
JfJ^ m - ° Perated at 365 nm ' W3S em P'oy«J as a light source. (It should be noted that the latter was not ooti- 
EST t! L pa 0 rtlCula :. abSOrpti0n band ° f *» P resent Photo.uminescent materials). The poS zeS PL Sy^ was a 
highly onented, 2 um thm polymer blend layer of UHMW PE containing 2% w/w of EHO-OPPE of Idrawratioof S^and 
a d.chro,c ratio measured .n absorption, of 16. and. measured in emission, of 72 (prepared accordinTt^ ^Exarmfe A) 

2 S P a ? 6d ;,? et : een *! UV S ° UrCe and 3 C ° mmerCial *»* display, consisting 5^222^35^ 
tical hght valve (3 and one absorbing polarizer (2). arranged as shown in Fig 3 A. Selected patterns oftheoSy 
device (segments) were swrtched between the "on" and the "off" state. The switching yielded a Secant charS h 

fnT^'l K aS P !L CeiVed bV the hUman eye 35 8 Change from a ver * bri 9* vel.oVgreen to SSSSJS^TK 
to quamrfy me observed outstanding contrast, the absolute brightness of the "on" and fte "off" state were measuS 
with a M.nolta LS 100 luminance meter, which was fitted wrth a No 110 and a No 122 tkm^J^T^SSSS 
whK* ihere.nafter is defined as the ratio between the brightnesses of the "on" and W state, of the devtee^nlS 
of 7. For the commercial direct-view LCD the contrast ratio was about 3 5 

hn^If eX T P ' e < 5 0 "' 8 *!* employing a thin > P° lari2ed PL la yer characterized in a high degree of polarization for 
both, absorpt.cn and em.ss.on. yields a liquid crystal display of dramatically improved contrast 

Example 2. 

on « EXa T 6 1 ^ S ? Peat6d ' DUt inStead 01 the drawn blGnd film containing 2 w/w % of EHO-OPPE in UHMW PE an 
80 times drawn blend f.lm containing 1 w/w % MEH-PPV in UHMW PE wrth a dichroic ratio, measured in errisston o" 
62, prepared accord.ng to Example A. was used. Selected patterns of the display device segments! weTSS^ 
between the "on" and the "off" state. The switching yielded a significant change in JrX^^sl^ZlTX 

SfJfof a tH a H Chan9e ^ 3 tQ a ' mOSt ^ «»*"* and "b" 1 ^ bri ^ss of tiTe W and ^e 

or state of the device were comparable to the device in Example 1 

anH ™ a exam P'f illustrates that by appropriately selecting the photoluminescent material, devices of high brightness 
and high contrast can be prepared that exhibit a different color. ongntness 
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Example 3. 

A display device was constructed according to the schematic of Fig. 5. For convenience, a UV lamp (Bioblock, VL- 
4LC, 4 Watts), operated at 365 nm, was employed as a light source. (It should be noted that the latter was not optimized 

5 for the particular absorption bands of the present photoluminescent materials). The two polarized PL layers (2, 12), 
were an oriented, 2 |±m thin polymer blend layer of UHMW PE containing 2 % w/w of EHOOPPE of a draw ratio of 80 
and a dichroic ratio, measured in absorption, of 16, and, measured in emission, of 72 (2) and an oriented, 2 thin 
polymer blend layer of UHMW PE containing 1% w/w MEH-PPV of a draw ratio of 80 and a dichroic ratio, measured In 
absorption, of 14, and, measured in emission, of 62 (12) (prepared according to Example A). The polarized PL layers 

io (2, 12) were placed with their orientation directions perpendicular to one another and in between the UV source and a 
commercial liquid crystal display, consisting of a patterned electroopticai light valve (3) and one absorbing polarizer (2), 
arranged as shown in Fig 5. Selected patterns of the display device (segments) were switched between the "on" and 
the "off" state. The switching, led to a significant change in color, that was perceived by the human eye as a change 
from a bright yellow-green to orange-red. 

75 This examples illustrates that by appropriately selecting and employing two polarized PL layers, display devices of 
high brightness and high contrast can be prepared that exhibit two different colors in the "on" and "off" state. 

Example 4. 

j A commercial liquid crystalline mixture (K1 5, BDH Ltd.) was placed onto the 80 times drawn blend films containing 

2 % w/w of EHO-PPE in UHMW PE and containing 1 % w/w MEH-PPV in UHMW PE, respectively, prepared according 
to Example A were used. The liquid crystalline material was found to immediately adopt a uniaxial orientation. 

This example shows that the layers according to the present invention also can be placed inside a liquid crystal cell 
that operates as a light valve in a display device, and functions not only as the polarized PL layer but also as orientation 
25 layer (3d in Fig. 3 C) for the liquid crystalline material. 

Claims 

1 . An optoelectronic display device of high brightness and high contrast comprising at least one thin photolumines- 
30 cent layer that is characterized in a high degree of polarization in its absorption and that is characterized in an emis- 
sion which is either polarized or not, wherein said layer has a thickness of less than about 1 mm and a dichroic ratio 
of more than about 5. 

2. A display device according to claim 1 wherein said display device additionally comprises at least one electroopticai 
35 light valve. 

3. A display device according to claim 2 wherein said electroopticai light valve includes a liquid crystal cell having a 
liquid crystal layer which is electrically switchable between an operative state and inoperative state. 

40 4. A display device according to claims 1-3 wherein said device comprises at least one absorbing polarizer. 

5. A display device according to claims 1-4 wherein said photoluminescent layer is located between the viewer and 
the electroopticai light valve. 

45 6. A display device according to claims 1 -5 wherein said device comprises two thin layers of material that are charac- 
terized in a high degree of polarization in their absorption, wherein said layers: 

i) have a thickness of less than about 1 mm and a dichroic ratio of more than 5; 

ii) have unequal photoemission or absorption spectra or both; and 
so iii) have unequal absorption polarization directions. 

7. A display device according to claims 1-6, wherein said thin, polarized photoluminescent layer has a thickness of 
less than 300 |im. 

55 8. A display device according to claims 1-7, wherein said thin, polarized photoluminescent layer has a thickness of 
less than 50 ^m. 

9. A display device according to claims 1-8, wherein said thin, polarized photoluminescent layer has a thickness of 
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10. A display device according to claims 1-9, wherein said thin, polarized photoluminescent layer has a dichroic ratio 
of more than 10. 

5 

11. A display device according to claims 1-10, wherein said thin, polarized photoluminescent layer has a dichroic ratio 
of more than 20. 

12. A display device according to claims 2-1 1 , wherein said thin, polarized photoluminescent layer is located inside said 
10 electrooptical light valve. 

1 3. A display device according to claims 2-1 2, wherein said thin, polarized photoluminescent layer is located inside said 
electrooptical light valve and acts as orientation layer. 

is 14. A display device according to claims 1-13 wherein said thin, polarized photoluminescent layers are patterned. 

15. A display device according to claims 1 -1 4 that is characterized in that said device comprises multiple polarized pho- 
toluminescent layer elements, pixels or arrays thereof. 

20 16. A display device according to claims 1-15 that is characterized in that said device additionally comprises multiple 
electrooptical light valves. 

17. A display device according to claims 1-16 that additionally comprises a light source wherein said light source is 
characterized in that it emission spectrum overlaps with the absorption spectrum of said photoluminescent layer. 
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18. A display device according to claims 1-17 that additionally comprises at least one dichroic mirror. 



19. A display device according to claims 1-18 wherein said thin layer is made by a technique selected from the group 
consisting of tensile orientation, oriented growth, friction, photo-induced alignment and alignment in electric, mag- 

30 netic and flow fields or combinations thereof, of photoluminescent substances. 

20. A display device according to claims 1-19 wherein said thin layer comprises a polymer. 

35 
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Fig. 3 D - 3 G 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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